The relative transport of photosynthetic and dark carboxylation products in photoheterotrophic cells of Arachis hypogaea L. var. TMV-3 at varied phases of growth were determined. Despite the presence of an equally competent photosynthetic apparatus as determined from "CO2 incorporation rates in the dark and light, pulse-chase experiments revealed little or no change in the radioactivity of the C3 intermediates but rapid disappearance of label from the dark carbon assimilates (malate and other tricarboxylic acid cycle intermediates) with a simultaneous increase in the aminoacid pool in early log-phase (10 days old) cells. However, significant flow of carbon through the photosynthetic intermediates resulting in the accumulation of sugars occurred in the late log-phase (34 days old) cells. Limitation of exogenous sugar in the nutrient milieu and depletion of reserve carbohydrates stored in starch of the chloroplasts of the cells were considered as the decisive factors in promoting transport of C3 cycle intermediates through the reductive pentose phosphate pathway in photoheterotrophic cells. The observed drain of radioactivity even from the small amounts of tricarboxylic acid cycle intermediates synthesized during photosynthesis into glutamate indicated that the transport of carbon through the nonautotrophic pathway is not controlled by these factors.
equally competent photosynthetic apparatus as determined from "CO2 incorporation rates in the dark and light, pulse-chase experiments revealed little or no change in the radioactivity of the C3 intermediates but rapid disappearance of label from the dark carbon assimilates (malate and other tricarboxylic acid cycle intermediates) with a simultaneous increase in the aminoacid pool in early log-phase (10 days old) cells. However, significant flow of carbon through the photosynthetic intermediates resulting in the accumulation of sugars occurred in the late log-phase (34 days old) cells. Limitation of exogenous sugar in the nutrient milieu and depletion of reserve carbohydrates stored in starch of the chloroplasts of the cells were considered as the decisive factors in promoting transport of C3 cycle intermediates through the reductive pentose phosphate pathway in photoheterotrophic cells. The observed drain of radioactivity even from the small amounts of tricarboxylic acid cycle intermediates synthesized during photosynthesis into glutamate indicated that the transport of carbon through the nonautotrophic pathway is not controlled by these factors.
The rates and early products of carbon assimilation have been determined for photoheterotrophic tissue and cell cultures of carrot (1 1) , tobacco (3, 18, 21) , Ruta graveolens (7) , Chenopodium rubrum (14) , Portulaca oleracea (15) , Kalanchoe crenata (17) , and Chamaecereus sylvestril (22) . However, the relative changes in the transport of the early formed photosynthetic carbon through the reductive pentose phosphate pathway using pulse-chase experiments have not been precisely monitored in these cultures. In the only system analyzed thus far to this effect, little decrease or increase in photosynthetic products was reported (15) . This was attributed to the reduced cellular transport and absence of translocation supposedly present in the cultured cells. Yet another important contributing factor was the supply of carbohydrate stored as starch in the chloroplasts of the cultured cells. With a reduced demand for photosynthates due to the availability of sugar in the nutrient medium and plenty of reserve carbohydrate stored in starch, a reduced flow of carbon in the cultured cells was anticipated (15) .
In a previous paper, we reported the establishment of highly chlorophyllous cell suspension culture from the callus proliferation of leaf explants ofArachis hypogaea L. var. TMV-3 (23) . The cells of this culture possessed well-differentiated photochemical appa-' Supported in part by the Council of Scientific and Industrial Research, New Delhi, through a fellowship given to S. S. ratus and were particularly devoid of stored starch in the chloroplasts during the late log-phase growth, a situation favoring the transition to photoautotrophy. We now report on the nature of the early products of photosynthetic carbon assimilation and their interconversion in such cells.
MATERIALS AND METHODS
Plant Material. The peanut (Arachis hypogaea L. var. TMV-3) plants were raised in a growth chamber as described elsewhere (22) . Ten-to 12-d-old seedlings were used for the experiments.
The procedures pertinent to development of chlorophyllous cell suspension cultures are described earlier (23 (6) . The relative distribution of radioactivity in individual compounds of carbon assimilation was also confirmed by two-dimensional thin layer chromatographic and autoradiographic means.
Samples (50 pl) of concentrated alcohol soluble extract were spotted on the corner of cellulose impregnated on TLC plastic sheets (Merck, Art. 5577, DC-Plastikfolien cellulose, 20 x 20 cm, 0.1 mm thickness). The solvent systems used were 80%o phenol at pH 5.4 and butanol:acetic acid:water in a ratio of 12:3:5 (4). The individual compounds were identified on the plates by co-chromatography with authentic samples. Radioactive compounds were identified after exposing the chromatograms to Agfa Gaevert Curix FW blue base x-ray films.
For pulse-chase experiments, the cells were exposed to the labeling medium for 10 12C bicarbonate, and transferred in the light to 10 ml reaction mixture for chasing the radioactivity (16) .
Enzyme Assays. The crude enzyme preparations of the cell cultures and leaf tissues were done according to the method described earlier (22) . The activities of RuBP-carboxylase and PEP2-carboxylase were determined as incorporation of label from NaH'4CO3 (8) . NAD The starch content of the early log-phase cells (3.2 mg/g fresh weight) was significantly higher than that of the late log phase (0.9 mg/g fresh weight) cells. Activities of some of the enzymes involved in both light and dark fixation of CO2 showed no observable differences between the two cell types (Table I) .
During "CO2 incorporation assays, the early log-phase cells synthesized a variety of compounds compared to late log-phase cells (Fig. 1) . In the latter cells, the C3 products, PGA, and sugar phosphates were predominantely labeled in short-term (5 s) exposure to "CO2 and accounted for 59% of the total label (Fig. 2) . In contrast, malate and aspartate accounted for only 12%. Substantial amount of radioactivity (21%) was associated with the tricarboxylic acid cycle intermediates such as succinate and fumarate. The C3 intermediates showed a negative slope with time and there was a simultaneous increase in the radioactivity of sugars which accounted for 28% of the total label in 5 min. The labeling of glutamate and aspartate showed a slow but steady increase ultimately accounting for 9% and 7.5% of the total label, respectively.
In early log-phase cells, nearly 62% of the total radioactivity appeared in malate and other tricarboxylic acid cycle intermediates during short-term 14CO2 incorporation (Table II) . The C3 compounds accounted for only 22% of the total label. Also evident was the higher incorporation of the label (30%) into alanine and glutamate on longer exposure (5 min) to 14CO2 and relatively less incorporation into sugars (28% of the total in late log-phase cell versus 15% for early log-phase cells).
In an attempt to determine whether the primary products of photosynthesis are metabolized further, the late log-phase cells were pulsed for 10 s with 14CO2 in light and then chased for different times in a 1'2CO2 environment (Fig. 3) . The also tricarboxylic acid cycle intermediates, but the radioactivity associated with glutamate increased. A continued and relatively rapid accumulation of radioactivity in the sugar fraction was strikingly evident. There was no significant change in the relative levels of distribution of label in aspartate, alanine, glycine, and serine.
The results of pulse-chase experiments with the early log-phase cells were presented in Table III . A slow decline in percentage of label associated with tricarboxylic acid cycle intermediates (malate, citrate, fumarate, and succinate) with a simultaneous increase in amino acids, particularly glutamate, aspartate, and alanine, was evident. Apparently, there was no change in percentage label in C3 cycle products over 5 min chase. There was only a slight increase in the percent radioactivity of sugars.
DISCUSSION
The data obtained in the present study indicate the transport of photosynthetic and dark carboxylation products in cultured cells (13, 22) . Significant transport of the photosynthetically fixed carbon, however, could occur when the rate of dark carboxylation declines in response to depletion of sugar in the nutrient medium during the late log-phase growth of the cells. Higher rates of the lightdependent uptake of CO2 and the rapid negative slope of the C3 intermediates during short-term exposure to "4CO2 as well as pulse-chase studies with a concomitant increase in sugars are indicative of rapid turnover of carbon through the autotrophic pathway in such cells. An evaluation of the data presented in Figure 3 and Table III (18) . The drain of radioactivity from the small amounts of the already Plant Physiol. Vol. 70, 1982 synthesized tricarboxylic acid cycle intermediates even in the late log-phase cells (Fig. 3) suggest the metabolism of carbon assimilates through the nonautotrophic pathway, the relative level of which may vary depending on the phase of cell growth, is not controlled by these factors.
